Patients undergoing major surgery are at increased risk of developing post-operative complications. In the last years, several clinical studies and meta-analyses focused on the potential clinical benefits of perioperative immunonutrition in surgical patients and showed contradictory results with regard to complications. The aim of this study is to summarize the concept of immunonutrition and the results of those clinical trials and to draw recommendations about the current indications of immunonutrition in surgery. A range of nutrients, including several amino acids, antioxidant vitamins and minerals, long-chain n-3 fatty acids, and nucleotides have been shown to upregulate the host immune function, modulate inflammatory response, and improve gut barrier function after surgery. Several experimental studies have been carried out that support potential benefits of these nutrients in the surgical patients. The majority of the randomized trials found that perioperative immunonutrition improved short-term outcomes in patients who underwent elective major gastrointestinal (GI) surgery. Five meta-analyses including a large number of randomized clinical trials showed that perioperative immunonutrition is associated with a reduction in both the infection rate and the length of hospital stay. These results have been demonstrated in all patients undergoing both the upper and lower GI surgery, regardless of their baseline nutritional status. Promising results have been obtained also in head and neck surgery. Considering these findings, perioperative immunonutrition should be implemented in patients undergoing elective major GI surgery. The use of perioperative immunonutrition could reduce both postoperative morbidity and costs for healthcare systems. However, large-scale trials are required before recommending the routine use of immunonutrition in head and neck surgery. 
Patients undergoing major surgery are at increased risk of developing post-operative complications. In the last years, several clinical studies and meta-analyses focused on the potential clinical benefits of perioperative immunonutrition in surgical patients and showed contradictory results with regard to complications. The aim of this study is to summarize the concept of immunonutrition and the results of those clinical trials and to draw recommendations about the current indications of immunonutrition in surgery. A range of nutrients, including several amino acids, antioxidant vitamins and minerals, long-chain n-3 fatty acids, and nucleotides have been shown to upregulate the host immune function, modulate inflammatory response, and improve gut barrier function after surgery. Several experimental studies have been carried out that support potential benefits of these nutrients in the surgical patients. The majority of the randomized trials found that perioperative immunonutrition improved short-term outcomes in patients who underwent elective major gastrointestinal (GI) surgery. Five meta-analyses including a large number of randomized clinical trials showed that perioperative immunonutrition is associated with a reduction in both the infection rate and the length of hospital stay. These results have been demonstrated in all patients undergoing both the upper and lower GI surgery, regardless of their baseline nutritional status. Promising results have been obtained also in head and neck surgery. Considering these findings, perioperative immunonutrition should be implemented in patients undergoing elective major GI surgery. The use of perioperative immunonutrition could reduce both postoperative morbidity and costs for healthcare systems. However, large-scale trials are required before recommending the routine use of immunonutrition in head and neck surgery. Glutamine, the most abundant amino acid in the free amino acid pool, is an important fuel for cells of the immune system and the intramuscular and plasma concentrations were known to be decreased after surgery. In animal experiments, glutamine improved T cell function and resistance to infectious pathogens, and increased the weight and cellularity of gut-associated immune tissues and the intestinal integrity. Arginine is involved in protein, urea, nucleotide and ATP synthesis and a precursor of nitric oxide, a potent immunoregulatory and blood flow mediator, which is cytotoxic to tumor cells and some microorganisms. And arginine is a precursor for synthesis of polyamines, which have a key role in DNA replication, regulation of the cell cycle and cell division. In animal experiments, arginine decreased thymus involution associated with trauma, promoted thymus cellularity, lymphocyte proliferation, natural killer cell activity, and macrophage cytotoxicity, and improved delayed-type hypersensitivity, resistance to bacterial infections, and wound healing. In healthy human, arginine supplementation increased blood lymphocyte proliferation in response to mitogens and promoted wound healing. Cysteine is a component of the antioxidant glutathione. Glutathione concentrations in the liver, lung, small intestine and immune cells fall in response to inflammation and this fall can be prevented in some organs by provision of cysteine. Glutathione enhances the activity of T cells, improves cell-mediated immune function and decreases production of inflammatory cytokines. Branched-chain amino acid is a precursor of glutamine. There were some limited evidence of improved immune function and increased resistance to infection from animal studies. Nucleotides are involved in DNA and RNA structure, energy metabolism, signal transduction, synthesis of phospholipids, and regulation of enzyme activity; Activation of lymphocytes causes a rapid increase in demands for nucleotides to cover an early increase in energy requirements and a later need to synthesize RNA for protein production and DNA for cell division. In animal experiments,nucleotides improve T cell functions, antibody responses, delayed-type hypersensitivity and resistance to pathogens. Long-chain n-3 fatty acids oppose the action of arachidonic acid (long-chain n-6 fatty acid). Excessive arachidonic acid may promote inflammatory processes and suppress cell-mediated immunity. Arachidonic acid-derived eicosanoids are associated with trauma, burns and acute respiratory distress syndrome. In vitro, animal and healthy volunteer experiments show that they are anti-inflammatory and in animal experiments,long chain n-6 fatty acids increased resistance to endotoxin. Antioxidant vitamins maintain the antioxidant defences and prevent oxidative stress and lipid peroxidation.
And vitamin E has been shown to improve T cell responses and cell-mediated immunity. Zinc, copper and selenium are components of the major antioxidant enzymes and maintain the antioxidant protective mechanisms. In post-surgical and critically ill patients, trace elements were usually insufficient. The deficiencies in zinc, copper or selenium are associated with immune impairments and increased susceptibility to infections, while zinc, copper and selenium have all been shown to improve immune function in individuals with a low status. Taurine is highlyconcentrated in most tissues and particularly in cells of the immune system. It contributes 50% of the free amino acid pool within lymphocytes and is the most abundant free nitrogenous compound therein. Animal studies show thattaurine prevents the decline in T cell number seen with ageing and enhances the proliferative responses of T lymphocytes. In neutrophils, taurine maintains phagocytic capacity and microbicidal action through interaction with myeloperoxidase. ATP = adenosine triphosphate.
